Circulation Journal Official Journal of the Japanese Circulation Society http://www. j-circ.or.jp ender-based differences in the management and outcomes of cardiovascular disease have been studied extensively. 1-4 In women, heart failure (HF) is associated more with left ventricular (LV) diastolic dysfunction than in men, whereas LV systolic dysfunction is the predominant cause of HF in men. 5-8 In particular, elderly women frequently have HF associated with a normal LV ejection fraction. 2 Recent studies have also emphasized the importance of gender differences in the management of cardiovascular disease. 1,8,9 Thus, recognition of gender difference in LV geometry and function has important implications for the optimal diagnosis and management of cardiovascular disease. Background: The purpose of the present study was to investigate gender differences in age-related changes of left ventricular (LV) and right ventricular (RV) geometries and functions throughout the entire adult age range using the Japanese Normal Values for Echocardiographic Measurements Project (JAMP) study database.
Echocardiography is now recognized as an integral diagnostic tool that provides non-invasive quantification of cardiac chamber size, ventricular mass and function in the clinical setting. Furthermore, technological advancements in Doppler echocardiography have permitted quantitative assessment of ventricular diastolic as well as systolic function. Thus, echocardiography has become an important cardiac imaging technique to evaluate the efficacy of drug treatments or new therapeutic strategies in many clinical trials. Previous investigations reported age-related changes in LV diastolic indices derived from Doppler echocardiography. 10- 13 There is little information, however, on the effect of gender on age-related changes in LV geometry and function throughout the entire adult age range in healthy subjects. Furthermore, the age-related changes in right ventricular (RV) geometry and function have also not been well investigated previously.
Recently, we conducted a multicenter study, the Japanese Normal Values for Echocardiographic Measurements Project (JAMP), 14 to determine normal values for echocardiographic measurements throughout the entire adult age range in a large, healthy population. To our knowledge, the JAMP study is the only study in which echocardiographic parameters were measured in a large population of Asian healthy volunteers. Therefore, the purpose of the present study was to investigate gender differences in age-related changes in LV and RV geometries and functions throughout the entire adult age range using the JAMP study database.
Methods

Subjects
A total of 700 healthy volunteers, aged 20-79 years, were registered in the JAMP study at 17 collaborating institutions (Table) . A standard protocol for echocardiographic measurements was established for the present study. Subjects were excluded based on the following criteria: any history of hyperlipidemia, hypertension, diabetes mellitus, renal failure, cardiovascular disease, abnormal electrocardiographic findings including cardiac arrhythmia and bundle branch block, or abnormal echocardiographic findings (LV wall motion abnormalities or significant valvular disease). Subjects were also excluded if they had poor echocardiographic images, significant fever, anemia or hypertension (systolic ≥135 mmHg and/or diastolic ≥85 mmHg) at the time of echocardiography or if they were under any influence that could affect the echocardiographic measurements. The study protocol was approved by the local hospital ethics committees, and informed consent was obtained from all subjects.
Echocardiographic Chamber Quantification and Doppler Echocardiography
The methods and results of chamber quantification and Doppler Echocardiography in the JAMP study have been described previously. 14 In brief, echocardiography was performed using commercially available equipment with tissue Doppler capabilities at each institution according to a standard protocol. Two-dimensional (2-D) and color Doppler imaging were performed to screen for significant valvular disease. In each subject, cardiac chamber quantification on 2-D echocardiography was performed according to guidelines provided by the American Society of Echocardiography. 15 LV end-diastolic volume (EDV) and end-systolic volume (ESV) were measured using the biplane Simpson disk method. LV mass was calculated based on the area -length formula as previously described. 15 Maximum left atrial (LA) and LV volumes were measured using the biplane Simpson disk method using 2-D images from the apical 4-and 2-chamber views. Assessment of RV size was done by measuring RV end-diastolic area and end-systolic area from the apical 4-chamber view. For assessing RV function, RV fractional area change 15 was calculated using the equation 100 × (end-diastolic area -end-systolic area)/ end-systolic area. Each parameter obtained from chamber quantification was indexed for body surface area when appropriate.
Pulsed wave Doppler imaging of mitral inflow and tissue Doppler imaging (TDI) of mitral annular motion at the septum were also performed to assess LV diastolic function as previously described. 16 Peak velocities of early (E) and late (A) diastolic flow, E/A ratio, and early flow deceleration time (Dct) were measured from pulsed wave Doppler imaging of mitral inflow. Early (e') and late (a') diastolic annular velocities were measured from TDI. The ratio of mitral E to TDI e' was also calculated using these measurements.
Statistical Analysis
Data analysis was performed using SPSS 17.0 (SPSS, Chicago, IL, USA). Subjects were stratified into 6 different age groups and then further stratified by gender. All results are expressed as mean ± SD. Univariate regression analysis was used to assess liner correlations between age and the echocardiographic parameters. Unpaired t-test was used to compare the echocardiographic parameters between men and women in the same age group. Two-way analysis of variance (ANOVA) was used to determine if there was an interaction effect between gender and age that influenced any observed differences in the echocardiographic parameters among the groups. If there was a significant interaction effect between them, we considered that gender difference was significant in the age-related change in the echocardiographic parameter. P<0.05 was considered statistically significant.
Results
LV Volumes, Ejection Fraction and Mass
Both LV EDV and ESV indexes decreased with age to a similar extent in men and women, but these indices were significantly greater in men than in women in 3 age groups (20-29 years, 30-39 years and 50-59 years; Figures 1A,B) . In addition, LV ejection fraction was lower in men than in women in the same 3 age groups ( Figure 1C ). There were no significant interaction effects, however, between gender and age that influenced the observed differences in the LV volume indices and ejection fraction. LV mass index increased with age to a similar extent in both men and women (Figure 2) . LV mass index was significantly lower in women than in men in the 2 youngest age groups (20-29 years and 30-39 years), and the increase in LV mass index with age seemed more pronounced in women than men. There was no significant interaction effect, however, between age and gender that affected the differences in LV mass index among the groups.
LV Diastolic Parameters and LA Volume
The results of mitral inflow and TDI are shown in Figures 3,4 , respectively. A decline in mitral peak E velocity, an increase in mitral peak A velocity, a decline in mitral E/A ratio and an increase in mitral Dct were observed with age in both men and women. Of note, mitral peak E velocity and E/A ratio were significantly greater in women than men in subjects <50 years but were similar between men and women in subjects ≥50 years. In addition, there was a significant interaction effect 
TDI a' velocity was lower in women than in men, and (C) TDI e'/a' ratio was greater in women than in men. Among subjects aged 60-69 years, (D) E/e' ratio was greater in women than in men. There were significant interaction effects between gender and age that affected the differences in all of these parameters among the groups. *P<0.05, † P<0.01, ‡ P<0.001 (ANOVA).
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Circulation Journal Vol.75, December 2011 (P<0.03; ANOVA) between gender and age that affected the differences in peak E wave velocity among the groups. As shown in Figure 4 , younger women had higher TDI, e' velocity and e'/a' ratio but lower a' than younger men; but there were no differences in these parameters between older men and women. Moreover, ANOVA indicated a significant interaction effect between gender and age that influenced the differences in all of the TDI-derived parameters among the groups. For age-related changes in LA volume, women tended to have a larger age-related increase in LA volume than men ( Figure 5) . There was no significant interaction effect, however, between gender and age that influenced the differences in LA volume. 
RV Size and Systolic Function
The results of RV area and fractional change are given in Figure 6 . There were no significant differences in RV diastolic and systolic area indices, or in RV area fractional change between men and women, except for RV systolic area index among subjects aged 50-59 years. Accordingly, there were no gender differences in age-related changes in these RV parameters.
Discussion
In the present study we found significant gender differences in the age-related changes in LV diastolic parameters assessed on mitral inflow and TDI. Overall, younger women had better LV diastolic parameters and lower LV mass index compared with younger men, whereas these parameters were similar in older (>50 years) men and women. In contrast, there were no gender differences in age-related changes in RV size and systolic function. The present results indicate that gender differences should be considered in association with age in the management of cardiovascular disease. In addition, recognition of these differences is critical not only in routine clinical practice, but also in interpreting the results of clinical trials that use echocardiography to measure cardiac geometry and function.
Gender-based differences in the management and outcomes of patients with cardiovascular disease have been widely recognized and extensively investigated. 1-4 Recently, Okura et al reported gender-specific changes in LV relaxation with age in healthy individuals without arrhythmias, abnormal echocardiographic findings, a history of heart disease or hypertension. 17 In that study, subclinical conditions such as diabetes mellitus or renal failure that might have affected LV diastolic parameters could not be completely excluded. In contrast, we enrolled healthy volunteers without any systemic conditions including diabetes or renal failure that might have altered LV diastolic parameters in an attempt to assess only normal echocardiographic parameters. In fact, LV diastolic parameters in the Okura et al study appear to be attenuated compared with the same parameters measured in the same age group in the present subjects. Munagala et al and Redfield et al similarly reported age-related changes in LV diastolic parameters, 10,11 but because their subjects consisted of people aged >45 years, they were not able to identify gender-specific differences in echocardiographic LV parameters over the entire adult age range.
The effect of estrogen and postmenopausal status on smooth muscle proliferation 18 and vascular function 19,20 may play a role in gender-based differences in echocardiographic LV parameters. In the present study LV diastolic parameters were relatively worse in women than in men over 50, whereas younger women had better diastolic parameters than men in the same age range. Menopause usually occurs at the age of approximately 50, and rapid changes in LV diastolic parameters in women over 50 seem to be consistent with postmenopausal status.
Although we found gender differences in the changes in LV diastolic parameters with age, the present data did not suggest deteriorated LV diastolic function in elderly women compared with elderly men. At least, no significant differences in LV diastolic parameters were found between elderly men and women. The majority of diastolic HF occurs in association with hypertension 21,22 or diabetes mellitus. 23, 24 Thus, future studies need to explore the mechanisms responsible for hypertension-or diabetes-induced diastolic dysfunction in elderly women. Moreover, the present study suggests that gender differences in age-related changes in LV geometry and function should be considered in the investigation of the pathophysiology of both diastolic and systolic HF.
Study Limitations
We investigated LV geometry and function in totally healthy volunteers in the present study. Therefore, the number of subjects aged 70-79 years was small, because of the difficulty in finding healthy volunteers in that age range without any conditions that affect echocardiographic parameters. Furthermore, the medical histories of participants were reviewed at each institution, therefore, the presence of unrecognized cardiovascular disease cannot be ruled out. In addition, echocardiographic measurements were performed at each institution according to a standard protocol. Thus, inter-observer variability might have affected the echocardiographic measurements. The standard deviations of the measurements, however, were small and similar to those reported in previous studies, 9,11 and the influence of inter-observer variability was considered to be negligible.
We excluded subjects with a history of hypertension and those with high blood pressure at the time of echocardiography, therefore we did not take into consideration the influence of blood pressure on LV geometry in the current study. There was, however, a slight age-related increase in blood pressure both in men and women, as presented in our previous study. 14 This age-related change of blood pressure might have influenced the present results.
Conclusions
We identified gender differences in age-related changes in LV geometry and function in a healthy population. The present results indicate the need for consideration of these gender differences in the optimal diagnosis and management of cardiovascular disease.
